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(57)Abstract: 

PROBLEM TO BE SOLVED: To fast calculate a 
reflected color against parallel light rays of a certain 
graphic. 

SOLUTION: This device which has a color calculating 
part 2 that calculates a reflected color of an object 
holds an inner product value of a unit normal vector Vn 
of the object and a unit vector VI from the object to a 
light source, an inner product value of a unit vector Ve 
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object and an inner product value of the vector Ve from 
the object to the viewpoint and the vector V1 from the 
object to the light source by providing an inner product 
storing part 3a when a parallel light source is used and 
also parallel projection is performed. The part 2 
repeatedly uses each inner product value that is held. 
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( 

1 

mm t ^^n^tx^^r ^\Hm^^^^m A. 

Mf^x-mMibtzm^mmp^m^^-mizu^i.. ^tcd 
mmw-nytrnx (D^iYmz z om^^mr ^ :i t 

-m^i^rzm^tHm\Hm^w^\z^^v . ±x<Dm.^<D 
Wimmmsi^^cDsfWx com^mmr ^ z t^ii^WLt 
vfzm^^ I mm. (Dm mmm^m. 
im^ms] ^^mM<D^m.^xwimu.WL^^^.^K 

<D^E]^n(Dt^\zK d X o d ^mni^rzm^a^Lx ^ 
±x (Dtummj^om^^Wi^^^omnx z om^ 

xo d<Dm\z'^ ^\zm^t^m<D^L c ^mctzm^ 
LT:fe^. ±x <Dt^mm.^<D^u^m&m^<D$Ywx z 
(Dm^mmr ^ z t 1 1, fzm^m ^ mmcommm 



2) it#^¥l0-83461 

2 

(D^mW(Ot^^iZK s XO s ^n^Mi^tzm^^^LX :h 

^ . ±x (Dt^mmj^<Dmm.mm^m^<Dmwx z (Dm^ 
^mr ^ z t ^^m^ vtzmikm I mm (Dm mm 

XO s <Dm\z-^ \zmm^mo^L c ^^\^ftm^^^ 
UT43^. ±x <D^mmj^otiimm^Km^<Dmwx z 
(Dm^^mr^zt^!^^t\.tzm^m7mm<Dmmm 

jS ^ ® o 

10 [mmm9] $>^mm(D^mj^xmm^msi^^.^Kd 

. mmmj^moy^mnotiwzK d X L c 
{.tzm^unvx . ±x <Dmmmj^(Dmmw;.w^^m 
^(Dnwx z (Dm^^mr ^ z t ^i^m t vTzm^m I 
mm<Dmmmmmm. 

[^^3110] $>^mmco^m.^xWimmm^^^.^K 

%\.rzm^um\.x^^ . ±x<Dnmm.^<Dmmmn^ 
20 ^^<DE\m-x z<Dm^mmr ^ z t^m^iix.rzm^'m 
1 mm<Dmmmmmm. 

[^^311 1] ^ ^mM<D^m.^xmmns^(D^umm 

\z. mm^^t^ h )v ^mmt^t^(DW. 

^mm^^ h)i<D[^m^sfW^i.rzm^^^i.x^^. ^ 
x<Dmmm.^(Dw!mmm^m^<Dsfnxz<Dm^mmr 
^ z ^ t vTzm^m I mmommmmmm. 
[m^m 1 2] & ^mm(D^m,^xt^m^s^(Dm^mf^ 
h jv^^mcx . t^-D. tiiim¥nytmf)^~'mx $> ^ t 
30 mmmj^^<D^nM(Dninz. i^mMmcom^mm^ 

Wii'tzm^^^i-x^^ . ±x <DWimmj^<DWim^m^ 
^^:BLZ^wimmm^^^<Dmm-x zo^m^^m.mT^ z t 
^s^wl t vrzm^m I mm<ommmmmm. 

[ 0 0 0 1 ] 

y ^ y ^ :^^m<Dmmmmmm\zmr ^ . mmmm\z^ 
T ^ „ 

[ 0 0 0 2 ] 

[^^^(D^mi m 4\:i.^m^mn<r>mmmx$>Ki . m4 
(a) itm.ms:st<Ds.t^'^y'}im. (b) \tmm^ 
^0Si^^v')vm. m4 (c) \t^mw-\zmmr^^^ 
h )i<Dm.mx & ^ . 

[0003] ^4 (a) (::*5V^T, ^m^m<D^^yt 

tt. x^yt\z^ Lx^x <D:^mizmn.^ n^^x $> ^ . 
50 04 (b) tiijv^T. m.m&^<D ^m^n. m^tou 



40 



<3) 4#^¥10-83461 

3 4 

LTv^^„ commm^mo e \t. ^(Dm^^±^<u^ cooos} (i) : ^mmomm 

tm^ < U 0 JLiTd^ K> <Di^^^ < . u y M =L- ^ ^ y ^ V ^ X\z^y^^X . ^fr^i^li^-r 

[00 04] ^4 (c) IC*5 1^T, fefff^tC^fflf^'^ ^#f<*:OSStfeti, -jl56<IICUiTOi-5ICL.Ttf-^-r 

i^^cDK§tfi-i£^S§tfe + ^MSItfe ^1 

i£ii:Sltfe=Kd*Od*Lc*DotProduct (Vn, VI) it2 

^ffiS#tfe=Ks*Os*Lc*DotProducl (Ve. Vr) • • - itS 

Vr = 2*DolProduct (Vn. VI) *Vn-Vl it4 

^ C-C. r ) 

Kd:i^S^SIt^^ S27:tfrfEi2l3SS24i:MSS26J:0;^(DJ:^t'S 

Ks : ^MSSt^lgC l^fe^fh^t-^o 

Oe : SltfeCD-&th + = Sltfe {Rm^O^m = K^^<D^t^ 

L c : >ti^(?5fe + ^§t^) 

V n : ^^CD^&?ii|^^^ h ;^ 20 [0012] 

DotProduct ( a . b) : ^ ^ H a ^: ^ h ;U b CO ^ t^cC 5^ O IS ^ ^ U , * ^ 0 ?^ ^ ff ^ 3^ H ^ T ^ 

n\tz-^<Dm.^) \znvxnn.\^^. mn^ntz^^u^ r^. 

Mfi^bTjg® (x^^i-v) r^z.h\z^'DX. ^n^m [oois] 

\z$^r ^miif(^R^^m.Mx^ ^tz. ^n^nt^m {nm^m^-r ^tz^o^^^-i m i \-xi^^m(Dw.mm.m 

^^^^nx t ^ ti, ^^u\ztivx^mM^nt^ mx$>^. mi (a) \t.mmmm.owim. mi (b) 

[ 0 0 0 7 ] (2) : ¥fr^ig{3^t-^^ff^a)StfnoD ^ U > ^ ^ tfe §15 . 2 ti- ^ gli , 3 a (1 f*3 ^ ^ . 

g| 5 td:t£5^(D5pff ^i^{c^-r^feti-^c?)S{En(?)afte^®-C - >( > ^ m . 9\t.t^mU. lOati^^gS, V Mt^^f^ 

«>^o iy.T. S5<Di2lSS2 l-^SS28lI^^eoTs^^ ;5^e,^Jtg-\(Omfe^^7h>'U. Vnti^^;!»ii&&i|g;^fR]-. 

[0008] S2 1 :^?^CD^T{7)]M,^[;^UTi2lSS iiSS^^^h;!/. Veti^^;!iie,^.^^cD#fe^i:7h;U 

22tiaiSS23$rJtOig-rc T^-So 

s22:sitfe(D'&fh^^'jr-r^o {0 0 1 i^^m\t^w.i^^(D^m^m-^T ^tz^'A 

S23 :^T<D¥ff^i^lI^LTiaiSS24--5aSS2 (D<±;^II^fi£Ufro 

S^HSDilTc 40 (1) : iSmSSt t . ^igODfi 

[0009] S24 iSSSfSStfi^^^CDct^lCLTti-^ ttffH>t^«l0^fe^i^^i7h;i.Vnt^^^;i^e^iIg-\ 

T^o O¥{i^^i'h.'t'Vl(;)f^|SMi:d^e»fi£itS0t^^tt-^ 

t£ffi[Sltfe= K d * O d * L c * DolProduct (Vn. V ^ ® S St & ^ ^ Sff IB >tt ife CD ^ t® t . t^iE^i^f^) 

1) ^ii. mun^<D^^^u^i7 V )vv n tmun^f}^ ^ 

525 :^^;5^b0^feSSt^i^KJl'Vr$'^<DJ;-5l3 ^ig^cO^^^i^KJl-VlOrtgtMi:. tffl£?*^*^^S 
UTli-^-r^. ,^^om<4^5'H;UVei:tfriS^jSO^{4J£i^^^:7h;i/ 

[0010] Vncort^fiat.tniH^*«l7&^'=>^,^^<D^^^^7h>iUV 

Vr = 2*DotProduct (Vn. VI) *Vn-Vl ett^fE>tt^*^^3¥:®^(0^fe'<i?K;i.Vl<OF^S5Mt 

526 i^MSStfeSr^CDctpClL-T^^-r^. ;5i^^®S5tfe$:f|-^U, tfrieJ[^ffi:S5tfei:fiiIIS^®S 

^®sstfe = Ks*os*Lc*DotProduct(ve. V 50 m ^ ^ mn V X mun tl^<r> ^ ^ ^ ^ %^ 2 
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[00 15] (2) :mffa(l)a)^?^J^Slii^©(C*5Vi 

[00 16] (3) : wsm ( I) o^m^mm^miz^^^ 

m}^x-m^is^rzm^^m[Hmuw^ s a \z^mv . ± 
X omm^ff^mxcD^mmz z. cDm^ mmr ^ . 
[00 17] i4):mm(i)o:>mj&mmmmiz^\.^ 

[00 18] (5) : mm ( I) (Dmmmmmmz^i^ 
X . ^mm<D^mj^xmB^ihm^m^.mK d tmmM 

(D m ^Z K d X O d ^ m M Tz m ^ V X ^ ^ . ±X(D 

[00 19] (6) : mm ( <Dmmmmmm\zi^\.^ 
X . mm^nytM^^ — m<o^<Dh^. mmK d x o d <d 
m\z-^ ^ \zmmytm<D^L c ^mur^m^u^vx ^ 
€ . ±x<Dmmmj^<Dmmi^m^m^(Dsfnxc(Dm^ 

[0020] (7):mm(i)a:)mmmm^m\z:^i^^ 
X. ^ ^mm<D^m}^xmmm.^^m^.^kK s ^mmn 
^<Dm.^€.o s f)^mux ^ ^ . mmmj^mo^s^w 
m \z K s X o s ^ m fz m ^ V X ^ ^ . ±x <d 
mmmj^<Dmmmm&^^<DsYmx :io:>m^^mr ^ o 

[002 1] (8) : mm ( 7 ) (Dmmmm^m\zn\^^ 
X . mm^n^m^^-mo^o . mmK s x o s <d 
miz^ \zmmt^mcDBh c ^mcrzm^^^vx 
^ . ±x <Dmmm}^<Dmmmm^m^<Dn]rnx z. <Dm^ 

[0022] (9) : mm ( I) <Dmmmm^m\z^i^ 
X . ^ ^mf^<D^mMxmmn.wi.^m%^K dtj^mi:- 
X. mm^m<D^L c (D^^n^m-^^-mx $> ^ t 
mmm.^n<^^nn<Dm\zK d X L c ^mMvfzm 
^um Lx . ikx <Dmmm.^(Dmmw;m]s.m^(Dnf 
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nx z (Dm^^mt ^ . 

[0023] (10) -.mmiDommmm^m^z^ 
v^T. $>^mm(D^m.^xmmmm^H^.^K s f}^mc 
X. mmytm<D^L c (D^^rf^m^^-mx ^ t 
mmm!^m<D^mm(r)m\zK s X L c ^iYWi^tzm 
^^j$UT*5#. ±x ommmj^ommmm^^t^osY 
wx z (DB^^mr ^ . 

[0024] (11) : mm ( 1) <Dmmmmmm\z^ 
i^T. ^^mmcD^mj^xmmM^om^mm^^ h }u 
10 V nt)^mcx$>^ . mmm!^m<D^nfW(Dm\z. m 
mM^t}^ '^mj^^cDm^^^ h;uve tmmM^<Dm^ 
fkm-<^ h )i'V n <D\^m^mMhrzm^u^ vx . 
±x0mmm!^ommm.m^^^<Difwxz<Dm^mm 

[0025] (12) : mm ( I) o)mmmmmm\z^ 
v^T. $>^mmo)^mj^xmm^^<Dm^mm^ ^ h )i 

V n^^mi^x. ts^o. mm^n^mt^ — mx & ^ t ^ . 
mmm}^no:>^iyno:>m\z. mmM^<Dm^^m-<i:^ h 
;uvn ^mmnm^^ ^ ytm^o)m^^ ^ h;uv i <D\Hm 

20 ^mnvTzm^^^vx^^. ±x <Dmmmj^<Dmm^ 
m^m^j^zsmmmm^m^cDmwx zi (om^^mr 

[0 0 2 6] (i^m) mmmnsc\zM^* < i^m ^ts^imr 

^mnm 2 x^^o K^^^mwr ^mmmmmm 
iz^i^^x. ^^r^mx. ^^-o. ^ntk^o) L ^ \z . 
^#gfS3 a f::, nm.(Dm^ikm^^ h;uvn t^^^^^e 

(om^^^ h jiv e iimmM^o:)m^mm^ ^ h ji^v n 
oyp^mmt . m m ^ ^ ^ <D m ^ ^ C7 h )i V e t 
30 mmn^t^ ^^m^o^^u^^ h)iv i (o^mm t 
n^n^^u, mm^mnm 2 mm^\^mm^ii^K> 

t^^x^ . mmmm^m^itr^ z t^^x^ 
[0 0 2 7] ^fz. mm^^(Dm^mm^^ h jiy n t 
mm^m^^ ^^m^(Dmu^^ h )iv i ©f^is^ti, m 
mmm^^^o^mnx^tbtzm^mmp^mu^m 3 at; 
^mv. mmm.m&^^o:>sfwxmmm-t^. z,(nrz 
sb. mmm.m&M^<Dm^^mmitr ^ c t^^x ^ ^ . 
[0 0 2 8] ^-btc. mm^^^t)^ ^m..^^<Dm^^^ h 
40 )i^v e tmm$^M<Dm^mm^^ h }\^v n cDp^mm^t. 
mmmm^M^<D3fwm. ^^n^mti^mik^m^ nx\^^ 
^m^. ^m.^x-^^it>rzm^mm\^m^w^ 3 a 
izumi^. ±x(D^frt^mx(D^sfnizc<Dm^mm^ 
z<Dtzi^. w-nytm^^m^^m^ nxi^^m^(Dm 
mmm^m^(Dmw^^iM<tr^ztf}^x^^. 
[0 0 2 9 ] Mfz. mmn^^^ i^w.j^'^o^m^^ ^ h )i 

V e tmrnrnm^' ^^u^<Dm^^i7 k;uv i on mm 

^^ytmx-m^is^rzm^mmnm^^m3 a\zu 
±x(Dm.^<Dmmmm^^^<DsYW-xz.(Dm^m 
50 m-r^. zofzsb. mmmm&^^osYi^^ <^ 0 miMit 
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[0 0 3 0] $e>ic, ^ ^mmo ^m.^-cmu^m.Rm 

{ 0 0 3 1 } ^tz. ^m.^ffytnt)i~m<D^<Dt^. tti 
fEKd X o d <Dm\z^ \ztijmytm(D c ^^c^c^t 

[0 0 3 2] a5^^J^(D^]I.^TifffE^®Slt 
^^l&K s i: fffia^^co^SlfeO s Ti^f^ UT^)^ t StT 

f£]i.^^cofefi-^cottiicK s xo s ^mni-tim^^m 

mn^-mmitr ^ z. iii}^^ ^ ^ . 
[0 0 3 3] ^fz. mmw-tftftm-^^-m<D^<D^^. m 
HSKs X o s <Dm\z^ izmmytmo^L c ^mcrzm 

[0 0 3 4] ^ ^ \z. ^ ^mm<D^m}^xmm^miKm 
^^-mx$>^iz^. mw^mj^n<D^Ef^<Dm\zKdxL 
mm^^^(Oi]:nx ZL <Dm^ ^mr ^ o :iorzit>. z<d 

[ 0 0 3 5 ] ^Tz. $>^mm<D^m.^xmmmmj^m^. 

s ti^m cx . t^rD. mmytm<D^L c <D^t=T^mi>^ 
— mx ^ ^ t ^ . mtE.m}^mo)^mn<Dm\zK s X L c 
^Bfnvrzm^^mLx^^. ±x <DmmmM.<Dmmm 
m^^^omwx z. (om^^mr ^ . zoft^b. :i(Dm 
<Dmtd.mm&^^<Dnfw^Mj^<tr^zt^^xB^. 

[ 0 0 3 6 ] ^^\z. $> ^mm<D^m.^xt}i$e.^^<Dm 

^mnsk<om^mm^'^ h)ivn<D[^m^iyni.rzm^ 
^^Lx^^. ±x <Dtiit^mAo:>wiumm^m^<Dmn 

[oo37]^fc, $>^mm<o^m.^xmmn^(Dm^ 
xs^^t^. mmm,^n<D^mM<Dtii\z . mmMikom 
)iv \ <Dnm^i^w-i.ftm^^n\^x , ^Toitria 

^^mv^s.^^(DBfM^mm<tr^ci:^^x^^. 
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[ 0 0 3 8 ] 

[ 0 0 3 9 ] (1) : mj^mm^m<Dtsim 

10 X + n.--r>^rgii8,ISi®^9.CRTlO;0^ag:ttT^ 

[0040] ^ y ^^^^\\%. A:h^tirzmm<D 
^m.^^^mM<Dtiii>\z. mmi}^^m^tix\^^^'E^o 
> ^mmj^uct)^ ^ytmf)^^m^nxi^^^^mmmy^ 

[0 0 4 1] ^mn^ 2 \t. mnmm^v^ c \z^t^^ n 
ftmM<D^m.^t$>'h^^ctt>^m'^rirzytmti^i^^m^ 

rTytmx$> imxmmr ^) oMmm-i^ 

^m^^m^mxmni. . m(Dytm^m^<D^mxB^n 
mm \z m ^ t ^ ^ o X $> ^ . 

[ 0 0 4 2 ] P^%1 1 ^#gI5 3 ti. f^^l t = DotProduct 

(vn. VI) ] ^^^r^^<Dx$>^. \*^m2 

4it. f^|g2 C = DotProducl (Ve, Vn) 3 ^^#T 
^h(DX$>^o f^m 3 5 I^m3 C = DotProdu 

ct (Ve. VI) ) ^UWT^^<DX. ±x(D^n^m 

\z^\^xw-trytm^ti\^tst^^x^^. 
[0 0 4 3] ^m^^m 6 ^-i. ^mj^<Dmm^i^^mm 

30 C f)-^ ^ ^ /^-r 7. mi^^D C \Z^t^^ ^ h CDX $> ^ . 

[0 0 44] ia®sp9«. mm<Dm}^^^mmmmvu 
f)^^cRT\zmm^^^<Dx&^o cRTiots, 
m"^ ^ V fz^^^mx $> ^ . u^to. m2<Dm\z:h\^^ 
T, feff^gfi2ti. i^<DmmmtniLLx^^^<Dx. z 
tnhomm^iz^zf-^ y h (m^it. ^y7.=^zL-<> 
40 ^'^^vf^^mizr ^m) . ^^\^^\t. %i\<Dm^ 

^ms (D^mmj^^j^^z-r ^^,) o)jiBmf)^'^mx^^. 
[0045] (2) : mmiiiim<D^j^<t<Dmm 
z<D^^u. $> ^mif^o^w-ff^m^z^-r ^ R^BoiYW- 
i^MonfW-^ omm<tr ^ h<Dx^^. *-r, mm 

[ 0 0 4 6 ] (^^1) ytmu. w-rfytux$>^. 
(^^2) ^n&^x im.^^^mmmj^iz$>^) . 

50 tA^mA^. 



C0047] (a) : rnlU^W I ^ . mmfj^ ^ 

(b) : tijm^^ 2 . ^mt^ ^m.^^cDm^^^ h 

DotProduct ( V e , V r ) = 2 *• 
e, Vn) -DotProducl (Ve, V 

[0049] (A) DotProduct (Vn. VI) \t . t^fE 

(B) DolProducl (Ve, Vn) \t . ^i^tlSS^H^T 

(C) DotProducl (Ve, VI) \t . ab^^i^. C^iV^T 

CO 0 5 0] };k±<d z tt)^ ^ . ^mwo:>isimm^ CD 
^ o u ^ m \z ^ 0 w\ m-t ^ . 

(a) :fifrlE(A)7&^e.,S£mSttfetom-^tC*5V^T. 
com [DotProduct (Vn, VI) ] (Dm^^^ l^X 

C0051] (b) : ^W. (B) ^ . mi^(D^m\ZM 

m^^^vx^^. ±x (D^n^Miznr ^i\-w^^\z z 
o^m^^mr^zi^^^x^^. 
[00.52] (c) : mim ic) . -mmMi.tzm 
^ Lx ^ ^ . m~^m±\z$>^--^<Dmmm^mf^ 
-r^±x<Dm.^<Dsfw^<D^\zz<Dm'^^m-t^zhy}^x 

[0 0 5 3] ^±<D^m^^m.r ^ z \z J: 0 . mmm 
MT^^^^mitx € ^ . 

( 3 ) : ^mno:)mn<Dm.m 
m 3 ^t^n^m^zM-r ^^mw(Dmn<Dmmmx $> ^ . 
^T. ms omms I --mms I 6 izvt^xm.m-r^<, 

ZZX\t. ^rf^m^^ntL. ^rr^Mi^O. 1, 

• • • n - 1 t -r ^ o 

[0 0 54] SI : ^mnm 2 \t. w■rf^m^^^o^^^ 
mmr 

s 2 : ^mwm 2 mmiiiims 1 (Dpimx. ^rf^m 
xui^m'^\t^^^(Dmn:^m\z^oBnfn^ffu^^. z 

[0 0 5 5] s 3 : ^sfwm 2 \t. wim^m s 1 omm 
X. ^rf^m<Dm^\^. ±x o^nt^m^zn^x mm s 
4 tmms s ^mo i^r i^nytm i ^ o . i. • • • 

[00 56] S 4 : ^mn^ 2 \t. ^ ¥ ff ^ aS tC ^ U T 
3 [i] ==DolProduct (Ve. VI) 

S5 : ^siw^u 2 ^mmm s 4xsfni.rz\^m3 
[i] ^^Hm 3 uwm 5 iz^wt ^ . 

[00 57] S 6 : '^ef^^ 2 mm<Di^X (Dm.^lZ 
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[ 0 0 4 8 ] 'A\Z. gtllSit 3 <DDotProduct (Ve, V 

r) mM^4 ^m^^xmmv. 'A<Dj:oizmmr 

DotProduct (Vn, VI) *DotProduct (V 
1 ) it 5 
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